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The  Effect  of  Height  of  Head  on  Young 
Apple  Tree  Growth  and  Yield' 

(A  Preliminary  Report) 

An  experiment  to  determine  the  effect  that  the  height  of  head  of 
oung  apple  trees  has  on  growth  and  yield  was  started  in  the  spring  of 
)16.  For  the  purpose  of  this  work,  two  varieties,  Rome  and  Stayman, 
hich  are  quite  distinct  in  nature  and  type  of  growth,  were  used.  One- 
iar-old  trees,  carefully  selected  for  uniformity  of  size  and  vigor,  were 
anted.  These  trees  were  of  the  nursery  grade,  five  to  seven  feet, 
id  for  the  most  part  were  approximately  seven  feet  high.  The  root 
stems  of  the  individual  trees  were  pruned  as  nearly  alike  as  possible 
ifore  planting,  removing  mainly  the  broken  roots  and  cutting  oft  the 
ugh,  irregular  ends. 
Five  pruning  treatments,  or  heights  of  heads,  were  made  of  each 

the  two  varieties.     They  were:   (1)  tops'  cut  back  to  1-foot  trunk; 
p  tops  cut  back  to  2-foot  trunk;  (3)  tops  cut  back  to  3-foot  trunk; 

)  tops  cut  back  to  4-foot  trunk;  and  (5)  tops  cut  back  to  5-foot 
link. 

!  In  every  case  the  length  of  the  trunk  left  after  pruning  was 
f;asured  from  the  point  at  which  the  tree  was  budded,  to  the  apex. 
Dan  effort  to  obtain  a  length  of  tree  trunk  of  1,  2,  3,  4,  or  5  feet,  as  the 
c|fe  might  be,  the  trees  were  set  so  that  the  point  at  which  they  were 
liclded  was  just  at  the  surface  of  the  soil. 

I  The  experimental  work  was  conducted  on  a  single  row  of  trees 
kjough  an  orchard  on  the  Horticultural  farm  at  Morgantown.  The 
^hard  was  planted  with  rows  sixteen  feet  wide,  and  the  trees  thirteen 
fit  apart  in  the  rows.  Two  trees  of  Rome  and  four  of  Stayman  were 
Wd  for  each  height  of  head  or  pruning  treatment,  making  thirty 
N^s  in  all.  The  order  of  planting  was  two  trees  of  Rome,  then  four 
bjjs  of  Stayman;  this'  planting  being  repeated  four  times  until  the 
ipf  was  filled.  In  the  spring  of  1924,  every  other  tree  was  removed 
kgive  the  permanent  trees  more  room.  This  left  only  one  tree  of 
R.ne  and  two  trees  of  Stayman  for  each  method  of  treatment.  An 
ai!mpt  was  made  to  prune  the  trees  uniformly,  this,  however,  was 
(i'.c.ult,  due  to  the  wide  differences  in  the  types  of  trees  and  their 
roonses. 

•Submitted  for  publication,   May,    1926. 
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The  methods  of  training  and  subsequent  pruning  were  as  follow 
The  trees  were  trained  to  the  modified  central  leader  I'orm,  having  t 
scaffolds  of  four  main  branches  each.  The  upper  scaffold  was  appro 
mately  three  feet  from  the  lower  one.  The  first  season,  the  lower  s'c 
fold  branches  were  selected  and  if  they  had  made  more  than  eighte 
inches  growth  they  were  cut  back  to  that  length.  The  central  leac 
was  left  from  twenty  to  twenty-four  inches  long.  All  other  brand 
were  removed.  Pruning  the  second  season  consisled  of  reducing 
number  of  laterals  on  each  main  scaffold  branch,  to  two,  all  otl 
shoots  being  removed.  The  central  leader  was  headed  back  to  ab 
four  feet  from  the  first  scaffold. 


In  the  third  and  fourth  seasons,  the  second  scaffold  was  formed 
the  same  manner  as  the  first.     The  subsequent  pruning  was  light  g 
consisted  mostly  of  a  mere  thinning  out  of  thick  places  in  the  tri 
and  the  removal  of  interfering  or  crossing  limbs.     No  heading  b 
was  practiced  after  the  fourth  season.    In  all  cases,  it  was  the  aim 
give  all  the  trees  the  same  type  and  severity  of  pruning.     This  ^ 
impossible  during  the  first  two  or  three  years  in  the  case  of  the  hi 
headed  trees,  because  of  their  tendency  to  produce  branches  below 
head.     These  shoots  had  to  be  removed  in  addition  to  the  prun 
necessary  to  train  the  trees.     In  this  way,  the  high-headed  trees 
ceived  a  little  heavier  pruning  than  the  low-headed  ones,  for  the  1 
few  years.    Since  that  time,  there  has  been  practically  no  differenc 
pruning  trees  of  different  heights'  of  heads. 

CARE  OF  THE  ORCHARD 


The  trees  in  the  experimental  plot  received  cultivation  and  c( 
crops  each  year.  The  cultivation  consisted  of  five  to  ten  treatm 
with  a  light  draft  harrow,  a  spike-tooth  harrow,  or  disc,  as  the  naire 
of  the  soil  warranted.  A  cover  crop  consisting  of  a  mixture  of  jye 
and  hairy  vetch  was  sowed  during  August.  In  the  spring,  the  der 
crop  was'  plowed  or  disced  under.  An  application  of  about  tjee 
hundred  pounds  of  16  per  cent  superphosphate  (acid  phosphate)  as 
made  at  the  time  of  seeding  the  cover  crop.  In  the  spring  of  1924,h« 
trees  received  the  only  application  of  nitrogen,  which  consisted  of  liii' 
pounds  of  nitrate  of  soda  per  tree.  This  was  applied  when  the  lises 
were  in  bloom.  The  trees  were  kept  thoroughly  sprayed,  at  all  tiiCS, 
to  prevent  any  damage  by  insect  pests  or  diseases. 
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METHODS  OF  OBTAINING  DATA 

In  order  to  determine  the  exact  amount  of  growth  made  each 
>ar  by  the  trees  of  different  heights  of  heads,  the  total  lengths  of  the 
;w  shoots  for  the  previous  growing  season  were  meastired  in  the 
irly  spring.  The  trees  were  then  pruned  and  the  length  of  the  one- 
;ar-old  wood  removed  was  measured.  The  new  growth  produced 
ich  year  was  measured  for  the  first  six  years,  after  this,  the  only 
'owth  measurement  made  was'  the  annual  increase  in  trunk  diameter. 

"When  the  trees  in  this  experiment  were  planted,  the  diameters  of 
eir  trunks  were  measured  with  calipers  at  a  point  approximately  half 
ay  between  the  ground  and  the  place  where  the  heads  were  to  be 
rmed.  This  point  was  marked  by  painting  a  narrow  band  half  way 
•oimd  the  tree.  The  tree  trunks  were  measured  each  year  with  the 
:ception  of  1918  and  1919. 

To  get  a  record  of  the  fruiting  of  the  trees,  the  number  of  blossom 
asters  was  counted,  and  the  yield  of  fruit  was  measured  in  total 
Bight  in  pounds  and  in  total  number  of  apples  produced. 

PRESENTATION  OF  DATA 

In  presenting  the  data  in  this  report,  the  individual,  year-by-year 
?e  records  are  given  in  two  instances,  while  in  all  other  cases  only 
erages  of  the  trees  for  each  of  the  various  treatments  are  recorded, 
calculating  the  data  for  the  annual  length  of  shoot  growth  and  the 
erage  annual  increase  in  trunk  circumference.  Student's  Method 
,  5),  which  has  been  advocated  by  Love  and  Brunson  (3)  as  an  aid 
interpreting  similar  data,  was  used.  In  the  tables  where  this  method 
calculation  was  used,  the  column  dealing  with  odds  is  important,  as 
eives  a  fairly  accurate  measure  of  the  significance  of  the  differences 
:ween  treatments.  Odds  much  below  30:1  indicate  tendencies  only, 
ile  greater  odds  approach  absolute  certainty,  as  a  limit. 

TREE  GROWTH 

The  data  presented  in  this  report  cover  the  first  nine  years  after 
trees  were  set,  1916-1924,  inclusive,  hence  they  are  largely  con- 
5Jned  with  tree  growth  up  to  the  age  at  which  fruit  production  began. 

Annual  Shoot  Growth 

Table  1  shows'  the  average  total  length  of  annual  shoot  growth  per 
-e  for  the  first  six  years.  The  low-headed  trees,  with  one  exception, 
ide  much  more  growth  than  those  which  were  headed  higher.  This 
'  rue  regardless  of  whether  any  one  year's  growth  or  all  of  the  six 
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. — Length  of  Shoot  Growth  Produced  by  Individual  Trees  the  I 
Six  Growing  Seasons  Following  Planting. 

1 

Heiglits 
of  Heads 

Tree 
Numbers 

Lengths  of  Shoot-Growths  in  Fast  Produced  by  Seasons 

S 
Y 

T 

Varieties 

1916 

1917 

1918 

1919 

1920 

1921 

I 

Hoot 

1 
2 

5.42 

(died) 
27.25 

97,25 

209.00 

325.00 

796.00 

1,4 

Average 

5.42 

27.25 

97,25 

209.00 

325.00 

796.00 

1,4 

2  feet 

7 
8 

1,25 
7.00 

19.92 
31,58 

42,00 
53,66 

113,50 
129,00 

252.00 
297.00 

376.00 
345.00 

8 
8 

8 

Average 

4.12 

25,75 

47,83 

121,25 

274.50 

360.50 

i 

ROME 

3  feet 

13 
14 

2.92 
5.92 

12,75 
17.58 

35,58 
38,25 

86,50 
89,75 

207.00 
146.00 

244.00 
366.00 

5 
6 

' 

Average 

4.42 

15,16 

36,91 

88.12 

176.50 

305.00 

6 

4  feet 

19 
20 

4.92 
1.42 

17,08 
8,00 

33,58 
20,25 

89.75 
45.50 

147.00 
115.00 

236.00 
179.00 

3 

Average 

3.27 

12,54 

26,91 

67.62 

131.00 

207.50 

4 

5  feet 

25 
26 

1.00 
4.62 

8,00 
17,20 

14,83 
22,33 

43.50 
51.75 

84.00 
107.00 

157.00 
163.00 

3 
3 

Average 

2.96 

12,60 

18,58 

47.62 

95.50 

160.00 

3 

Ifoot 

3 
4 
5 
6 

5.25 
6.33 
6.50 
2.75 

29.00 
25.66 
32.33 
16.92 

71,  G2 
59,50 
87,00 
45,66 

141.50 
162.50 
181.50 
129.00 

200.00 
311.00 
334.00 
262.00 

676.00 
657.00 
662.00 
447.00 

1,1 
1,2 
1,3 

.f 

Average 

5.20 

25.98 

66,02 

153.62 

276.75 

610.50 

1,1 

.( 

2  feet 

9 

10 
11 
12 

2.83 
3.75 
3.75 
4.50 

23.75 
30.83 
21.16 
23.08 

56,66 
71,58 
44.50 
45.33 

148.00 
169.75 
138.75 
131.00 

303.00 
304.00 
302.00 
250.00 

594.00 
473,60 
391.00 
436.00 

1,1 

i,c 

Av  rage 

3.71 

24.70 

54.51 

146.87 

289.75 

473.65 

STAYMAN 

3  feet 

15 
16 
17 
18 

4.08 
4.83 
5.08 
4.83 

19.75 
17.25 
24.25 
23.50 

41.58 
56.16 
49.08 
51.92 

93.00 
133.50 
107.25 
106.00 

228.00 
275.00 
184.00 
307.00 

380.00 
3.57.00 
367.00 
471.00 

Average 

4.70 

21.19 

49.68 

109.93 

248.50 

393.75 

4  feet 

21 
22 
23 
24 

2.16 
0.0 
0.0 
2.83 

8.25 
16.25 

3.08 
11,75 

20.33 
41.58 
13.42 
22.25 

48.25 
86.75 
42.75 
78.25 

80,00 
183,00 

95.00 
138.00 

164.00 
251.00 
199.00 
2,38.00 

— 

Average 

1.25 

9,83 

24.39 

64.00 

124.00 

218.00 

5  feet 

27 
28 
29 
30 

4  83 
13,25 

27,75 
(not  same 

27,00 
(not  same 

27.16 
variety) 

32.33 
variety) 

48.50 
86.00 

113.00 
142,00 

196.00 
229.00 

Average 

*9.04      1     *27.37 

29,75 

67.25 

127.50 

212.50 

♦Most 

of  this  grow 

;h  was  prodi 

ced  near  th 

e  ground  an 

d  had  to  be 

removed. 

1 
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ears'  growths  are  considered.  During  the  first  growing  season  the 
rees  headed  at  one  foot  made  more  growth  than  those  headed  at  two 
eet,  but  the  amount  of  shoot  growth  decreased  as  the  height  of  head 
Qcreased.  The  one  exception,  as  has  been  noted,  was  the  Stayman 
rees  headed  at  five  feet.  These  trees  made  considerably  more  growth 
luring  the  first  three  years  after  being  set  in  the  orchard  than  those 
eaded  at  four  feet.  This  was  due  to  the  fact  that  the  trees  headed  at 
ive  feet  produced  a  large  part  of  their  branches  below  the  head, 
laking  it  necessary  to  remove  them.  This  lot  of  trees  was  the  only 
ne  to  form  any  number  of  branches'  below  the  head. 

The  Rome  trees  headed  at  the  same  height  did  not  respond  in  the 
ame  way.  During  the  third  growing  season  the  trees  of  this  variety 
eaded  at  one  foot  made  about  three  times  as  much  growth  as  those 
eaded  at  five  feet.  The  same  ratio  existed  at  the  end  of  the  six-year 
leriod.  As  the  experiment  progressed  the  difference  in  growth  between 
he  high-headed  and  the  low-headed  trees  became  more  pronounced. 

Data  for  total  length  of  annual  growth  as  influenced  by  the  height 
f  head  have  been  calculated,  using  Student's  Method,  and  are  given 
1  Table  2. 

ABLE  2. — Comparison  of  Annual  Growths  as  Influenced  by  Different  Heights 
of  Heads.* 


Variefes 

Year 

Comparative  Growths  at  Different  Heights  of  Heads 

1  Foot 

2  Feet 

3  Feet 

4  Feet 

5  Feet 

1916 

1.00 

.76 

.81 

.60 

.54 

1917 

1.00 

.94 

.55 

.46 

.46 

1918 

1.00 

.49 

.38 

.27 

.19 

1919 

1.00 

.58 

.42 

.32 

.22 

li()ME 

1920 

1.00 

.84 

.54 

.40 

.29 

1921 

1.00 

.45 

.38 

.26 

.20 

Average 

1.00 

.67 

.51 

.38 

.31 

Odds 

800:1 

2499:1 

9999:1 

9999:1 

1916 

1.00 

.71 

.90 

.24 

1.74 

1917 

1.00 

.95 

.81 

.38 

1.05 

1918 

1.00 

.82 

.75 

.37 

.45 

1919 

1.00 

.95 

.71 

.41 

.43 

STAYMAN 

1920 

1.00 

1.04 

.89 

.44 

.46 

1921 

1.00 

.77 

.64 

.35 

.35 

Average 

1.00 

.87 

.78 

.36 

.74 

' 

Odds 

32:1 

521:1 

9599:1 

5:1 

*In  this  table,  the  avarage  anaaal  leu^th  of  q5;t  jra 

,vt^  prjlasaJ  oa  th  e  tress  headed  at  one  foot  has  been  taken a» 

•  f,  and  the  growth 

af  the  trees  of  th 

e  other  treatmjn 

ts  has  bjsa  ooa. 

)ir  ed  with  thaa 

headed  at  one 

foot. 
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The  annual  growth  of  the  trees  of  various  heights  of  head  hflc 
been  compared  with  those  headed  at  one  foot.  In  every  instance  lit 
one,  the  odds  were  very  significant  in  favor  of  the  trees  headed  at  (ie 
foot.  This  exception  was  in  the  case  of  the  Stayman  trees'  headed 
five  feet.  As  has  already  been  pointed  out  the  variation  was  due  o 
the  fact  that  these  trees  made  most  of  their  growth  below  the  hec,s 
the  first  two  years. 

Severity  of  Pruning 

Experiments  have  shown  that  pruning  has  a  dwarfing  effect  u 
young  trees.     It  is  also  true  that  the  more  severe  the  pruning   ■€ 
greater  the  trees  are  dwarfed.     As  the  type  and  amount  of  pruni? 
necessary  to  shape  and  train  the  trees  with  different  heights  of  hens 
must  vary  to  some  extent,  if  any  difference  existed  in  pruning,  ' 
effect  of  the  height  of  head  might  be  overcome.    In  order  to  elimin 
any  influence  of  pruning,  the  trees  were  pruned  as  nearly  as  possi 
in  the  same  manner  and  with  the  same  severity  (excepting  the  prunilg 
necessary  to  keep  branches'  from  the  trunks).     Careful  records  wie 
kept  of  the  total  length  of  one-year-old  wood  removed  each  year.  Thie 
data  are  given  in  Table  3. 


TABLE  3. — Average  and  Total  Lengths  of  Wood  Removed  in  Pruning 
corded  by  Varieties,  Different  Heighths  of  Heads,  and  Years. 


Average  Length  of  Wood  Removed  in 

Feet  per  Tree  by  Years 

Varieties 

Hegths 
of  Heads 

Total  W( 

Remov* 

1917 

1918 

1919 

1920 

1921 

1  foot 

15.2 

75.6 

118.5 

152.0 

224.0 

585.3 

2  feet 

17.3 

32.2 

68.5 

153.5 

216.0 

487.  £ 

-     ROME 

3  feet 

6.3 

24.7 

52.7 

99.0 

191.5 

374.2 

4  feet 

8.5 

19.9 

36.7 

71.5 

127.0 

263.  e 

5  feet 

10.9 

13.2 

23.8 

56.5 

90.0 

194.4 

1  foot 

14.6 

37.6 

88.4 

126.0 

282.3 

548.  t 

2  feet 

15.4 

30.7 

88.5 

146.0 

269.0 

549.  e 

STAYMAN 

3  feet 

14.3 

30.7 

68.2 

124.2 

213.7 

451.] 

4  feet 

5.9 

16.8 

32.3 

66.2 

102.5 

213./ 

5  feet 

24.1 

22.6 

41.2 

58.0 

124.0 

269.  Jj  J 

From  the  data  in  Table  3  and  those  given  in  Table  1,  the  perce 
ages  of  each  year's  growth  removed  by  pruning  during  the  first  % 
Seasons  have  been  calculated  and  are  given  in  Table  4. 
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TABLE  4. — Percentage  of  Each  Year's  Growth  Removed  by   Pruning,   1917- 
1921  Inclusive. 


Percentage  of  Total  Annual  Growth  Removed  by  Years 

Var  eties 

Heights 

Percentage  of 

of  Heads 

GrowthRemoved 

1917 

1918 

1919 

1920 

1921 

1917-1921 

1  foot 

55.9 

77.7 

56.6 

46.7 

28.1 

40.09 

2  feet 

67.1 

67.3 

56.4 

55.9 

59.9 

58.45 

ROME 

3  feet 

41.5 

66.9 

59.8 

56.0 

62.7 

59.76 

4  feet 

67.7 

73.9 

54.2 

54.5 

61.2 

58.74 

5  feet 

86.5 

71.0 

49.9 

59.1 

56.2 

57.64 

1  foot 

56.1 

56.9 

57.5 

45.5 

46.2 

48.23 

2  feet 

62.3 

56.3 

60.2 

50.3 

56.7 

55.33 

3  feet 

67.4 

61.7 

62.0 

50.0 

54.2 

54.49 

STAYMAN 

4  feet 

60.0 

68.8 

50.4 

45.3 

47.0 

48.40 

5  feet 

88.1 

75.9        1        61.2 

45.4 

58.3 

57.01 

In  the  case  of  both  varieties,  the  trees  headed  at  one  foot  had  the 
least  amount  of  wood  removed.  The  trees  which  were  headed  higher 
than  one  foot,  with  one  exception,  received  practically  the  same 
severity  of  pruning.  This  exception  was  in  the  case  of  Stayman  headed 
at  four  feet,  which  had  about  7  percent  less  wood  removed  than  did 
the  other  trees  headed  higher  than  one  foot.  The  striking  thing 
brought  out  in  this  table  is  that  the  trees'  headed  at  five  feet  required 
the  removal  of  but  little  more  wood  to  form  the  head  at  that  height 

i  than  was  required  for  those  headed  at  two  feet.  The  Rome  trees 
headed  at  two  feet  had  approximately  1  percent  more  wood  removed 
than  those  headed  at  five  feet,  while  the  Stayman  trees  headed  at 
five  feet  required  the  removal  of  about  2  percent  more  wood  than 

I  those  headed  at  two  feet. 

The  low-headed  trees,  in  their  first  and  second  growing  seasons, 
produced  fewer  and  longer  shoots  than  the  high-headed  trees'.  Dur- 
ing the  succeeding  years,  the  growth  produced  on  the  main  scaffold 
branches  and  primary  laterals  was  distributed  so  much  better  on  the 
low-headed  trees  that  more  wood  could  be  left  to  advantage.  The 
differences  in  the  amounts  of  wood  removed  in  pruning  the  trees  of 
different  heights  of  heads,  however,  would  not  account  for  the  great 
differences'  obtained  in  shoot  growth. 


Weight  of  Wood  Removed  by  Pruning 

During  the  four-year  period,   1922-1925  inclusive,  the  wood  re- 
moved by  pruning  was  weighed.    These  data  are  given  in  Table  5. 
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TABLE  5. — Average  and  Total  Weights  of  Wood  Removed  in  Pruning,  R< 
corded  by  Varieties,  Diflferent  Heights  of  Heads,  and  Years. 


Average  Weight  of  Wood  Removed  per  Tree 

by  Years  in  Pounds 

Varieties 

Heights 
of  Heads 

Total  for 
Four  Years 

Average 
per  Year 

1922 

1923 

1924 

1925 

1  foot 

9.50 

12.20 

12.40 

17.30 

51.40 

12.85 

2  feet 

3.75 

3.95 

4.70 

4.00 

16.40 

4.10 

ROME 

3  feet 

2.12 

2.85 

3.25 

3.00 

11.22 

2.80 

4  feet 

1.50 

1.80 

3.50 

2.10 

8.90 

2.22 

5  feet 

1.37 

2.40 

2.65 

1.60 

8.02 

2.00 

1  foot 

6.37 

7.35 

7.76 

9.80 

31.28 

7.82 

2  feet 

6.50 

7.00 

7.12 

10.70 

31.32 

7.83 

STAYMAN 

3  feet 

4.62 

7.15 

7.05 

10.20 

29.02 

7.25 

4  feet 

2.18 

2.17 

3.77 

4.45 

12.57 

3.14 

5  feet 

2.25 

3.55 

3.65 

*A11  pruning  was  done  during  the  spring  months  each  year. 

The  data  presented  in  Table  5  show  that  the  amount  of  wood  rel 
moved  was  closely  proportional  to  the  growth  the  trees  made  durin 
the  first  six  growing  seasons.  The  Stayman  trees'  may  be  divided  intl 
two  classes  as  to  the  severity  of  the  pruning,  those  headed  from  one  t| 
three  feet,  and  those  from  four  to  five  feet.  The  trees  headed  at  threj 
feet  were  smaller  at  the  time  of  this  report  (May,  1926)  than  thos. 
headed  at  two  feet  or  one  foot.  Yet,  for  some  unaccountable  reason 
the  difference  in  pruning  during  the  four-year  period  (1922-25)  wa, 
not  in  proportion  to  tree  size,  as  these  higher  headed  trees  were  prunec] 
almost  as  heavily  as  those  headed  lower. 

The  Rome  trees  headed  at  one  foot  had,  due  to  their  much  large] 
size,  much  more  wood  removed  from  them  than  any  of  the  others 
These  trees  were  probably  better  located  than  any  of  the  others  oi 
account  of  a  slight  dip  in  the  land,  which  caused  the  s'oil  to  have  J 
higher  moisture  content  and  possibly  greater  fertility.  These  differ 
ences  in  pruning  and  in  the  soil  were  not  sufdcient,  however,  to  in 
fluence  greatly  the  growth  or  size  of  trees,  as  was  shown  by  trees  oi 
the  same  varieties'  which  grew  in  an  adjacent  row,  sixteen  feet  away 
and  received  the  same  culture.  i 

Increase  in  Circumference  of  Tree  Trunks 

The  annual  increases  in  the  circumference  of  the  tree  trunks  were 
measured  from  the  time  the  trees  were  planted.  These  data  are  given 
in  Table  6. 

The  trunks  of  the  high-headed  trees  were  much  smaller  in  circum- 
ference than  those  of  the  low-headed  trees.    The  circumference  of  the 


anuary,  1928] 


Apple  Tree  Growth 


11 


TABLE  6. — Comparison  of  Circumferences  of  Tree 
Heights  of  Heads,  and  Years. 

Trunks 

by  Varieties, 

Heights 
o'  Heads 

Tree 
Numbers 

Circum- 
ferences a 
Planting 
in  1916 

Circumferences  of  Tree  Trunks  in  Inches  by  Years* 

Varieties 

1916 

1919 

1920 

1921 

1922 

1923 

1  foot 

1 

2 

1.13 

(died) 
1.26 

5.87 

8.50 

11.25 

14.00 

16.12 

Average 

11 

1.26 

5.87 

8.50 

11.25 

14.00 

16.12 

2  feet 

7 
8 

1.19 
1.26 

1.29 
1.63 

4.50 
4.62 

6.25 
6  25 

8.37 
8.00 

10.12 
9.50 

11.75 
10.75 

Average 

1.22 

1.46 

4.56 

6.25 

8.18 

9.81 

11.25 

ROME 

3  feet 

13 
14 

.91 
.85 

.97 
1.04 

3.37 
3.87 

4.87 
5.37 

6.25 
7.00 

7.75 
8.75 

9.50 
10.25 

Average 

.88 

1.00 

3.62 

5.12 

6.62 

8.25 

9.87 

4  feet 

19 
20 

1.00 
.85 

1.10 
1.04 

3.87 
3.00 

5.50 
4.50 

7.12 
5.75 

8.50 
7.00 

10.25 
8.50 

Average 

.92 

1.07 

3.43 

5.00 

6.43 

7.75 

9.37 

5  feet 

25 
26 

.88 
1.13 

1.13 
1.41 

3.25 
3.50 

4.02 
4.87 

6.37 
6  37 

7.62 
7.75 

9.50 
9.25 

Average 

1.00 

1.27 

3.37 

4.74 

6.37 

7.68 

9.37 

1  foot 

3 
4 
5 
6 

1.57 
1.63 
1.50 
1.44 

2.01 
1.82 
2.01 
1.63 

6.62 
6.62 
6.62 
5.50 

9.00 
8.87 
9.12 
7.87 

a  11.62 
11.25 
10.62 
9.75 

13.75 
13.25 
13.50 
11.50 

15.75 
15.75 
13.25 

n 

Average 

1.53 

1.87 

6.34 

8.71 

10.81 

13.00 

14.92 

^ 

(] 

2  feet 

9 
10 
11 
12 

1.50 
1.60 
1.50 
1.32 

1.63 
1.92 
1.63 
1.41 

6.00 
6.50 
5.50 
5.75 

8.25 
9.00 
7.50 
8.00 

1 10.87 
11.37 

1    9.50 
10.12 

12.75 
13.25 
11.12 
12.12 

15.00 
15.50 
13.  CO 
14.50 

1 

Average 

1.48 

1.64 

5.93 

8.18 

10.46 

12.31 

14.50 

*MAN 

01 

i 

1 

3  feet 

15 
16 
17 
18 

1.32 
1.32 
1.16 
1.19 

1.57 
1.44 
1.29 
1.29 

5.25 
5.62 
4.50 
5.50 

7.25 
7.75 
6.25 
7.50 

9.62 
10.12 
8.00 
9.62 

11.50 
12.00 
9.25 
11.50 

14.00 
14.37 
11.00 
13.75 

a-i 

1 

Average 

1.24 

1.39 

5.21 

7.18 

9.34 

11.06 

13.28 

it 
ay.'' 

4  feet 

21 
22 
23 
24 

1.19 
1.16 
1.16 
1.32 

1.26 
1.26 
1.19 
1.35 

3.75 
5.00 
3.25 
4.60 

5.25 
7.37 
5.12 
6.25 

6.62 
9.62 
6.75 

7.87 

8.00 
11.37 
8.50 
9.25 

9.75 
13.50 
10.51 
11.00 

Average 

1.20 

1.26 

4.12 

5.99 

7.71 

9.28 

11.18 

5  feet 

27 
28 
29 
30 

1.07 
1.09 

1.38 

(not  same 

1.35 
(not  same 

3.50 

variety) 

4.12 

variety) 

5.12 
5.62 

7.25 
7.25 

9.00 
8.50 

11.25 
10.12 

ere 

Average 

1.08 

1.36 

3.81 

5.37 

7.25 

8.75 

10.68 

1  measurements  were  taken  at  the  end  of  the  growing  season  each  year. 
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ree  trunks  became  smaller  as  the  height  of  the  head  increased.    From 
'able  6,  it  may  be  seen  that  the  Stayman  made  larger  gains  in  trunk 
•ireumference  than  the  Rome,  due  to  the  more  vigorous  growth  of 
,  Ills  variety. 

In  Table  7  is  given  the  average  yearly  increase  in  trunk  circum- 
erence  as  influenced  by  the  height  of  head  of  the  trees.  The  total 
Qcrease  in  the  circumference  of  the  trunk  was  greatest,  on  both 
arieties  with  the  trees  headed  at  one  foot.  The  increase  in  trunk 
irth  became  less  as  the  height  of  the  head  increased.  When  the 
ifferences  between  the  trees  headed  at  one  foot  and  those  headed 
igher  were  compared  by  Student's  method,  it  was  found  that,  in  the 
se  of  the  Rome,  all  the  trees  headed  higher  than  one  foot  had  made 
gnificantly  smaller  increases'  in  trunk  circumference  than  those 
eaded  at  one  foot.  "With  the  Stayman,  however,  significant  odds 
'ere  found  only  Avith  those  trees  headed  at  four  feet. 

'ABLE  7. — Average  Increases  in  Trunk  Circumferences  Recorded  by  Varie- 
ties, Different  Heights  of  Heads,  and  Years. 


: 

Average  Increases  in  Trunk  Circumferences  in 

Inches  Recorded  by  Growing  Seasons 

Total 

fwieties 

Heights 
of  Heads 

Increase 
for  Eight 

Average 
Increase 

Odds  In 

Favor  of 

Seasons 

per  Season 

1-Foot 

1916 

•1919 

1920 

1921 

1922 

1923 

Head 

Ifoot 

.13 

4.61 

2.63 

2.75 

2.75 

2.12 

14.99 

2.50 

2  feet 

.24 

3.10 

1.69 

2.13 

1.63 

1.44 

10.23 

1.70 

118:1 

ME 

3  feet 

.12 

2.62 

1.50 

1.50 

1.63 

1.52 

8.89 

1.48 

132.1 

4  feet 

.15 

2.36 

1.57 

1.43 

1.32 

1.52 

8.35 

1.39 

112:1 

5  feet 

.27 

1.10 

1.37 

1.63 

1.01 

1.69 

7.07 

1.17 

38:1 

Ifoot 

.34 

4.47 

2.37 

2.10 

2.19 

1.92 

13.39 

2.23 

2  feet 

.16 

4.29 

2.25 

2.28 

1.85 

2.19 

13.02 

2.17 

3:1 

lYMAN 

3  feet 

.15 

3.82 

1.97 

2.16 

1.72 

2.22 

12.04 

2.00 

11:1 

4  feet 

.06 

2.86 

1.87 

1.72 

1.57 

1.90 

9.98 

1.66 

38:1 

5  feet 

.28 

2.45 

1.56 

1.88 

1.50 

1.93 

9.60 

1.60 

19:1 

•Includes  growth  for  seasons  of  1917  and  1918. 

Volume  of  Top 

In  an  attempt  to  show  more  clearly  the  differences  existing  in  tree 
!e  and  bearing  surface,  the  height  and  spread  of  the  trees  were 
3asured  in  the  early  spring  of  1925.     The  distance  from  the  ground 

the  lowest  limbs  was  also  measured.  The  tops  of  the  trees  were 
und  to  conform  more  closely  to  the  shape  of  a  sphere  than  to  any 
tier  geometrical  figure,  as  the  trees  had  not  borne  crops  sufficiently 
avy  to  spread  the  tops.     To  calculate  the  volume  of  the  tree  tops, 

of  which  may  be  considered  potential  bearing  area,  the  distance 
i)m  the  ground  to  the  lowest  limbs  was  subtracted  from  the  height 
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of  the  trees,  which  gave  the  diameter  of  the  top  in  a  vertical  directio 
This  was  then  averaged  with  the  width  of  the  tree,  which  resulted 
what  Avas  used  as  the  diameter  of  the  tree  or  sphere.     The  volume 
the  sphere  was  then  calculated  in  the  usual  manner   {Y=1/6tt  D' 
These  data  are  given  in  Table  8. 

TABLE  8. — Heights,  Widths,  and  Volumes  of  Trees  as  Influenced  by  Heigh 
of  Heads;  Measurements  Made  in  the  Spring  of  1925. 


Average 

Average 

Average  Distances 

Average  Volumes 

Varieties 

Heights 

Heights 

Widtiis 

from  Ground  to 

Tops  in  Cubic 

of  Heads 

in  Feet 

in  Feet 

Limbs  in  Feet 

Feet 

Ifoot 

15.0 

16.0 

2.50 

1515.08 

2fP3t 

12.5 

11.0 

8.25 

543.45 

ROME 

3  feet 

12.5 

9.5 

4.00 

381.70 

4  feet 

13.0 

8.0 

4.75 

280.31 

5  feet 

13.5 

8.0 

5.50 

268.08 

Ifoot 

15.50 

16.75 

1.25 

1949.81 

2  feet 

15. 7o 

17.03 

2.00 

1901.11 

STAYMAN 

3  feet 

15.62 

17.00 

3.12 

1680.23 

4  feet 

15.25 

14.50 

4.25 

1085.23 

5  feet 

(All  trees  removad  at  this  tims) 

The  high-headed  trees  were  several  years  behind  the  low-head . 
trees  in  actual  size  when  the  top  measurements  were  taken  in  19^ 
They  were  less  stocky,  less  vigorous,  and  much  less  desirable.  T 
lower  the  trees  had  been  headed,  the  larger  was  the  top,  as  shown  1 
measurements  of  height  and  breadth,  or  total  volume.  Both  varietii 
responded  in  the  same  way.  The  Stayman,  being  a  more  vigoro 
grower,  made  larger  trees  than  the  Rome,  but  the  response  to  t: 
height  of  head  was  the  same.  j 

BLOOM  AND  YIELD 

As  has  been  stated,  since  this  report  covers  only  the  first  ni 
years  of  the  life  of  the  trees  after  they  were  set  in  the  orchard,  it  mi 
necessarily  deal  largely  with  growth.  The  trees  were  still  so  you] 
at  the  time  this  report  was  prepared  that  very  little  could  be  expect 
from  them  in  bloom  and  yield  of  fruit. 

The  trees  pri^duced  their  first  bloom  in  the  spring  of  1920,  fo 
years  after  they  were  set  in  the  orchard.  At  this  time,  the  number 
blossom  clusters  was  counted  on  each  tree.  This'  was  continued  i 
three  more  years.    These  data  are  given  in  Table  9. 

It  is  interesting  to  note  that  the  high-headed  trees  were  the  first 
bloom,  and  that  they  continued  to  bloom  more  heavily  than  the  lo 
headed  trees.  This  is  especially  significant  when  the  great  differen 
in  size  of  the  trees  is  considered 
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CABLE  9. — Average  Number  of  Flower  Clusters  Per  Tree  Recorded  by  Vari- 
eties, Different  Heights  of  Heads,  and  Years^ 


Varieties 


Heights 
of  Heads 


Average  Number  of  Flower  Clusters  per  Tree  by  Years 


1921 


1922 


1923 


Total 
1920-23 


=      ROME 


i 


Ifoot 

2  feet 

3  feet 

4  feet 

5  feet 


0 

0 

0 

3.0 

3.5 


6.5 
0.5 
2.0 

2.0 
12.0 


74.0 

.5 

13.5 

1.5 
14.5 


105.0 
32.5 
15.7 
20.0 

164.0 


185.5 
33.5 
31.2 
26.5 

194.0 


STAYMAX 


Ifoot 

2  feet 

3  feet 

4  feet 

5  feet 


0 
0 
0 
0 

9.0 


0 

0.2 

0 

0 

8.3 


134.5 


20.0 
3.4 
12.5 
62.5 
330.0 


20.3 
3.6 
13  0 

62.7 
481.8 


The  only  data  obtained  on  yield  of  fruit  were  taken  for  the  tw^o 
rops  borne  in  1923  and  1924.  for  which  the  total  weight  of  fruit  was 
etermined  as  well  as  the  number  of  individual  fruits  produced  per 
ee.  These  data  are  given  in  Table  10. 


IS 


ABLE  10. — Yield  in  Pounds  and  Number  of  Apples  per  Tree  Recorded  by 
Varieties,  Different  Heights  of  Heads,  and  Years. 


I 

Average  Yield  in  Pounds 

Average  Number  of  Apples 

!1 

Heights 

per  Tree  by  Years              ]              per  Tree  by  Years 

Average  Weights 

'■■,1 

i/arieties 

of  Heads 

of  Fruits  in 

Pounds 

;:( 

1923 

1924 

Total 

1923 

1924 

Total 

'■' 

Ifoot 

6.0 

9.6 

15.6 

19.0 

29.0 

48.0 

.32 

2  feet 

2.2 

0 

2.2 

4.0 

0 

4.0 

.00 

OME 

3  feet 

5.6 

2.5 

8.1 

15.5 

4.0 

19.5 

.41 

4  feet 

0 

1.5 

1.5 

0 

3.0 

3.0 

.50 

5  feet      1        6.0 

11.7 

17.7 

12.5 

24.0 

36.5 

.48 

ifoot      1        2.4 

3.7               6.1 

5.5 

9.0 

14.5 

.42 

2  feet 

.9 

18.7             19.6 

2.0 

53.5 

55.5 

.35 

T'"'' 

r.\YMAX 

3  feet 

1.1 

14.3             15.4 

3.7 

34.0 

37.7 

.40 

4  feet 

5.3 

27.4             32.7 

11.0 

65.5 

76.5 

.42 

5  feet 

16.8 

62.0      1                    ! 

'I 

The  amount  of  fruit  borne  to  the  date  of  this  report 

was  too  small 

be  of  much  value  in  determining  the  effect  of  height  of 

head  on  fruit 

•oduction.    At  the  end  of  the  first  nine-year  period,  the 

yield  had  not 

;en  influenced  to  any  appreciable  extent  by  the  height 

of  the  head. 

:< 

-actically  all  of  the  effect  of  the  low  heading  of  tree 

3  was  that  of 

..  ■ 

oducing  trees  of  greater  size  and  bearing  area.   Time 

alone  will  tell 

i--j 

lether  the  trees  of  greater  bearing  area  will  produce 

crops  signifi- 

ntly  g 

reater 

than  th 

ose  of 

the  hig 

Ii-headt 

'd  trees 

16  W.  Va.  Agr'l  Experiment  Station  [Bulletin  21 

DISCUSSION 

It  is  unfortunate  that  a  larger  number  of  trees  was  not  included  i 
this  experiment.  The  data  in  regard  to  growth  are  so  consistent,  hoT 
ever,  that  it  would  seem  that  the  effect  of  the  height  of  head  on  tlj 
growth  and  yielding  capacity  of  the  trees  is  fairly  clearly  definei' 
This  is  especially  true  when  it  is  considered  that  the  results  of  th 
experiment  substantiate  those  secured  by  Wiggans  (6),  and  Howe  (2 
and  the  observations  of  Chandler  (1). 

"Wiggans  (6),  in  reporting  on  the  growth  made  by  similar  tre 
which  had  been  headed  at  different  heights,  says  that,  from  the  vei 
beginning,  the  low-headed  trees  produced  shoots  which  were  mu( 
longer,  and  at  the  same  time  formed  a  larger  number  of  branches  the 
did  the  high-headed  trees.  Although  no  counts  or  measurements  we 
made  in  the  West  Virginia  experiment,  it  was  observed  that  the  lo^ 
headed  trees  produced  more  shoots,  and  also  longer  and  stocki 
shoots',  than  the  trees  headed  higher.  This  was  especially  true  as  t] 
trees  became  older,  since  the  trees  headed  at  five  feet  grew  in  a  mannr 
similar  to  trees  several  years  older;  that  is,  the  length  of  growth  aii. 
the  comparative  diameter  of  the  shoots  were  reduced. 

Howe  (2)  used  nine  different  varieties  in  testing  the  effect  of  hi;i 
and  low  heads  on  growth  and  fruit  production.    He  reported  that,  _ 
the  end  of  the  first  ten-year  period,  the  low-headed  trees'  were  consi 
erably  larger  in  actual  size,  and  more  Adgorous  and  stocky  than  t 
high-headed   trees,   and   further   that   the   low-headed   trees   of   ea 
variety  bloomed  and  set  fruit  about  one  year  earlier  than  the  hig 
headed  trees.    Every  variety  but  one  yielded  more  fruit  when  the  tr( 
were  headed  low.    He  states  that  "the  results  indicate  an  economic 
advantage  in  the  practice  of  low-heading  due  to  increased  yields  a 
greater  ease  in  orchard  operations',  and  advances  the  opinion  th 
unless  considerable  care  is  taken  in  the  formation  of  high  heads,  1 
larger  amount  of  wood  that  must  be  removed  may  impair  the  vigor 
the  trees  and  check  their  development. 

Under  the  conditions  of  the  West  Virginia  experiments  this  op 
ion  could  hardly  be  true,  as  there  was  very  little  difference  in  t 
percentages  of  the  total  growth  removed  from  the  high-  and  the  lo 
headed  trees.  Certainly  the  great  difference  in  size  of  trees  cannot 
explained  entirely  on  the  basis  of  the  dwarfing  effect  of  prunii 
There  are  apparently  several  factors  operating,  which  taken  togetl 
cause  the  wide  variation  in  tree  size. 

Chandler  (1)  thinks  that  the  large  amount  of  pruning  necessfj 
to  obtain  a  high  head,  and  the  injury  which  the  young  high-head 
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>  suffer  from  bending  about  during  early  summer  are  responsible 
r  tlie  rather  marked  differences  in  the  trees. 

Numerous  investigations  in  pruning  have  shown  that  the  pruning 

young  trees  dwarfs  them  to  a  degree  dependent  on  the  severity  of 

(■  pruning.     In  this  experiment,  it  was  not  necessary  to  prune  the 

gh-headed  trees  much  more  severely  than  the  low-headed  ones  to 

'rm  a  high  head.    Certainly,  the  small  difference  between  the  amount 

wood  removed  from  the  high-  and  the  low-headed  trees  is'  too  small 

lu-eount  for  the  ditt'erences  existing  in  the  size  of  the  trees.    It  should 

'  pointed  out  again  that  the  trees  in  this  experiment  were  planted  as 

le-year  old  w^hips  and  were  headed  at  the  desired  height  at  the  time 

planting.     In  this  way,  the  main  scaffold  branches  were  produced 

tlie  height  desired  with  a  minimum  amount  of  pruning.    Had  all  the 

i>  been  headed  at  the  same  height  at  the  time  they  were  planted, 

:'l  The  high  heads  formed  later  by  removing  the  lower  limbs,  more 

I're   pruning   would   have   been   necessary.     This,   in   view   of   the 

nt  knowledge  of  the  dwarfing  effects  of  pruning,  would  probably 

\  c  caused  wider  differences  in  the  size  of  the  trees  than  actually 

.suited. 

As  an  advantage  of  low-heading,  it  is  claimed  by  Some  investiga- 
^frs  that  trees  so  headed  do  not  grow  as  tall  as  if  they  had  been  headed 
'gher.  This  claim  is  not  borne  out  by  the  results  of  this  experiment, 
ice  only  a  part  of  the  bearing  surface  of  the  low-headed  trees  was 
Wer  than  that  of  the  trees'  headed  higher.  Considering  the  actual 
ight  of  the  trees,  the  low-headed  ones  grew  as  tall  as  those  headed 
ghest.  The  striking  fact  brought  out  by  the  data  is  the  uniformity 
the  height  of  the  trees  regardless  of  the  height  of  head.  The  great- 
t  difference  in  the  trees  with  different  heights  of  heads  was  in  the 
eadth  and  not  in  the  actual  height  of  the  top.  The  low-headed  trees, 
rticularly  of  the  Rome  variety,  developed  much  wider  tops  than 
ose  headed  higher  (See  Table  8). 

The  height  of  head  had  no  influence  on  the  general  type  of  tree  as 

ch  variety  maintained  its  usual   characteristics.    The  high-headed 

f 'ies  had  a  tendency  to  bend  and  lean  due  to  the  influence  of  the  pre- 

'iling  winds.    This  was  not  so  noticeable  with  the  low-headed  trees. 

In  so  far  as  cultivation  is  concerned,  no  difference  between  the 

?h-  and  the  lo^v-headed  trees'  was  found,  other  than  that  usually 

'^"fperienced  with  larger  trees.    The  implements  used  in   cultivation 

^%Te  those  commonly  employed  in  the  average  orchard.     Other  oper- 

I  ons  such  as  pruning  and  spraying  were  facilitated  by  the  low-headed 

^^res,  and,  no  doubt,  when  the  trees  begin  to  bear  heavy  crops,  harvest- 

■ni  operations  will  be  easier. 
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CONCLUSIONS 

From  the  data  presented  it  must  be  concluded  that  low-heac'rl 
trees'  make  more  shoot  growth,  and  larger  gain  in  trunk  diamet 
than  high-headed  trees.  Low-headed  trees,  as  a  result  of  this  grea 
growth,  have  a  larger  bearing  area  than  the  high-headed  trees. 
the  end  of  nine  years,  there  was  no  appreciable  difference  in  yield  : 
the  trees  of  different  heights  of  heads.  The  trees  were  still  too  you^ 
however,  to  expect  much  in  fruit  production.  Judging  by  top  ar 
it  would  appear  that  the  low-headed  trees  will  likely  outyield 
high-headed  trees  in  the  near  future. 

RECOMMENDATIONS  TO  GROWERS 

There  are  considerable  variations'  in  the  recommendations  of  h  - 
ticulturists,  and  in  the  practices  of  commercial  fruit  growers,  in  regf 
to  the  height  of  heading  young  apple  trees.    Several  important  f act<» 
are  considered  in  these  recommendations  and  practices,  such  as  e^je 
of  spraying,  picking,  pruning,  thinning,  prevention  of  winter  inji 
to  the  tree  trunk,  and  soil  temperature. 

The  height  at  which  the  trees  are  headed  should  be  determin( , 
in  a  large  measure,  by  the  importance  that  the  grower  places  on  c.^ 
or  more  of  the  foregoing  factors.    After  all,  over  emphasis  may 
placed  on  some  factor  because  of  the  grower's  likes  or  dislikes. 

If  there  is  any  difference,  in  tree  growth  and  capacity  to  bear  lai 
crops,  between  high-  and  low-headed  trees,  the  height  of  head  whii 
produces  the  largest  tree  in  the  shortest  time  should  be  given  first  c(- 
sideration.  It  should  be  the  aim  and  desire  of  the  commercial  gro"R: 
to  produce  a  tree  as  large  as  possible,  which  is  capable  of  beari  r 
maximum  quantities  of  high  grade  fruit,  in  the  least  time.  It  > 
believed  by  the  writer  that  this  may  be  best  accomplished  by  headi ; 
the  trees  low,  preferably  from  one  foot  to  two  feet  from  the  bud  ' 
graft. 
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